AbstrAct background Oral diseases are highly prevalent and impact on oral health-related quality of life (OHRQoL). However, time changes in OHRQoL have been scarcely investigated in the current context of general improvement in clinical oral health. This study aims to examine changes in OHRQoL between 1998 and 2009 among adults in England, and to analyse the contribution of demographics, socioeconomic characteristics and clinical oral health measures. Methods Using data from two nationally representative surveys in England, we assessed changes in the Oral Health Impact Profile-14 (OHIP-14), in both the sample overall (n=12 027) and by quasi-cohorts. We calculated the prevalence and extent of oral impacts and summary OHIP-14 scores. An Oaxaca-Blinder type decomposition analysis was used to assess the contribution of demographics (age, gender, marital status), socioeconomic position (education, occupation) and clinical measures (presence of decay, number of missing teeth, having advanced periodontitis). results There were significant improvements in OHRQoL, predominantly among those that experienced oral impacts occasionally, but no difference in the proportion with frequent oral impacts. The decomposition model showed that 43% (-4.07/-9.47) of the decrease in prevalence of oral impacts reported occasionally or more often was accounted by the model explanatory variables. Improvements in clinical oral health and the effect of ageing itself accounted for most of the explained change in OHRQoL, but the effect of these factors varied substantially across the lifecourse and quasi-cohorts. conclusions These decomposition findings indicate that broader determinants could be primarily targeted to influence OHRQoL in different age groups or across different adult cohorts.
IntroductIon
Over the past 50 years, there has been a major shift in health status. Improved life expectancy has been largely associated with better living standards and improved therapies for many life-threatening conditions. 1 In economically prosperous countries, the financial burden of healthcare has shifted towards the management of chronic conditions and comorbidities, often with rapidly increasing costs. Concepts of measurement have also broadened, from purely clinical assessment of disease to the inclusion of the people's perceptions, such as quality of life and well-being, so managing symptom severity rather than complete cure is often a more appropriate primary goal.
In the context of oral health, the most prevalent diseases are dental caries and periodontal disease. 2 These are abundant chronic diseases and their manifestations accumulate and change over time, with the potential of tooth loss as an end point. Oral diseases result in considerable burden on people's quality of life 3 and high costs, 4 so it is important to have an understanding of their impact on the population and how this changes across life.
Describing the impact of oral conditions is complex. The way a person interprets and feels about any oral condition will vary with their age and also between generations. A further consideration is whether health gains over time are shared evenly across the population. Indeed, there is a body of evidence suggesting that there are growing socioeconomic inequalities in health. [5] [6] [7] [8] [9] Predicting how the impact of oral health may change over the next 10 or 20 years is important as any organisation needs to understand, plan and manage problems, with sensible decisions taken about a likely future. Such predictions must be based on up-to-date evidence identifying how oral diseases and their impact on people's quality of life are changing, whether this is happening in different ways across the population and why such changes are occurring.
Time changes in oral impacts among adult populations have been previously investigated in cohort studies with follow-up periods of up to 7 years. [10] [11] [12] [13] Data from national population surveys have been helpful at given points in time, but they are cross-sectional and have provided only limited evidence about changes over time. 14 In the UK, national oral health surveys have been undertaken every 10 years since 1968. The most recent were in 1998 and 2009, and both included clinical and subjective measures of oral health, including oral health-related quality of life (OHRQoL). This allows the opportunity for time point comparisons between different generations, and also within generations as people age, thereby looking at, and potentially explaining, both generation and age effects.
This study examined changes in OHRQoL among nationally representative samples of adults in England across an 11-year time period, with subsequent deconstruction of the relative contribution of demographic, socioeconomic and
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Methods data source
We analysed data from the 1998 and 2009 Adult Dental Health Surveys (ADHS), the two most recent national surveys of adults' oral health in the UK. 15 16 Both employed a multistage cluster and probabilistic sampling design that provided representative data of individuals aged 16 years and over. Households were selected initially, then all adults in selected households were invited to participate in an interview and those with natural teeth were also invited to a clinical dental examination. Full details of the surveys' designs can be found elsewhere. 15 16 
study measures
Interviews in both surveys included the Oral Health Impact Profile-14 (OHIP-14), a widely used 14-item OHRQoL measure. 17 18 Individuals were asked how often they had experienced negative impacts due to oral problems during the last 12 months with responses of never, hardly ever, occasionally, fairly often and very often. We derived four summary measures [19] [20] [21] [22] [23] : (a) a binary variable for responding 'very often' or 'fairly often' to any question (FOVO prevalence); (b) a binary variable for those that responded 'occasionally', 'fairly often' or 'very often' to any question (OFOVO prevalence); (c) the number of items with responses of 'occasionally', 'fairly often' or 'very often' (OFOVO extent); (d) the OHIP-14 score, corresponding to the sum of ordinal responses, with higher scores indicating poorer OHRQoL.
Demographic characteristics included age, gender and marital status. Socioeconomic characteristics included educational attainment (no qualifications; qualifications below degree level; qualifications at degree level or equivalent) and occupational social class (managerial and professional; intermediate; routine and manual, according to the UK three-category National Statistics Socio-Economic Classification). We used three measures representing different aspects of clinical oral health: presence of decay or any unsound teeth, number of missing teeth and having advanced periodontitis (presence of probing pocket depth ≥6 mm). These clinical measures were identified as the main oral health issues worldwide. 2 They also exhibited significant differences between 1998 and 2009 in our data, therefore could potentially explain changes in OHRQoL.
statistical analysis
First, changes between 1998 and 2009 for each OHIP-14 summary measure were evaluated in the whole sample and also by age groups. In addition, we looked at changes by quasi-cohorts, aiming to capture cohort effects by defining groups as they aged during this 11-year period, for example, participants aged 16-34 years in 1998 were compared with those aged 27-45 years in 2009.
Second, we used decomposition analyses to evaluate the contribution of demographic, socioeconomic and clinical oral health characteristics to changes in OHRQoL (measured by OFOVO prevalence, as it was the most meaningful outcome that showed significant change) between 1998 and 2009, in both the whole sample and by quasi-cohorts. Oaxaca-Blinder type decomposition models are used to quantify how much of the difference in an outcome between two groups (or time periods) is explained by respective differences in the distributions of selected independent variables. 24 25 Such models have previously been used to understand health inequalities and time trends in health and healthcare outcomes. [26] [27] [28] [29] We quantified how much of the decrease in OFOVO prevalence between 1998 and 2009 was explained by changes in sociodemographic (age, gender, marital status, education, occupational social class) and clinical variables (presence of decay or unsound teeth, number of missing teeth, having advanced periodontitis) over this period. Since the dependent variable was binary, we used the Fairlie model for non-linear binary outcomes (a non-linear variant of Oaxaca-Blinder decomposition). 24 The independent variables were categorical, apart from age and number of missing teeth, which were continuous.
Various steps were followed to decompose the difference in OFOVO prevalence between the two surveys. First, conditional probabilities of the outcome were predicted for each observation. Then, to equal the size of the 1998 sample, a subsample of individuals in 2009 (the largest sample) was randomly selected. In these two equally-sized samples, each individual/observation was rank-ordered according to the predicted outcome probability and observations with equal rank in the two samples were matched. 24 25 For sensitivity analysis, we additionally carried out similar decomposition analyses for the mean OHIP-14 score change.
Analyses referred to data from 12 027 dentate participants in England (n=3010 in 1998 and n=9017 in 2009) as OHIP-14 questions were only asked to the dentate adults in ADHS 1998. For decomposition analyses, the sample was further restricted to participants that were clinically examined and those aged ≥21 to ensure accurate data on educational attainment. Furthermore, 204 individuals were excluded from ADHS 1998 and 587 from ADHS 2009 because of incomplete information on sociodemographic or clinical variables. Hence, the decomposition analyses sample contained 6549 individuals (n=1842 in 1998; n=4707 in 2009). No imputation of missing data was carried out as missing data were <7% for all study variables. 30 Analyses used the surveys' sampling probability weights, accounting for the sampling strategy and non-response, to provide population representative data.
results
In the overall sample, there were significant reductions in the summary OHIP measures between 1998 and 2009, except from FOVO prevalence which showed no significant change. When stratifying by age groups, there was an increase in FOVO prevalence among those aged 55-74 years but a reduction by almost half in the oldest group (75+ years). OFOVO prevalence, OFOVO extent and the mean OHIP-14 showed significant reductions across all age groups apart from those aged 55-74 years (table 1). Examination of time changes for each OHIP-14 item showed larger declines in prevalence in the 'occasionally' and 'hardly ever', rather than the 'fairly often' or 'very often' ratings (see online supplementary appendix table 1).
Assessing time changes for the different quasi-cohorts (table 2), we found that FOVO prevalence remained very similar between 1998 and 2009 across quasi-cohorts, whereas OFOVO prevalence decreased by around 10 percentage points over that period. The decline was slightly larger in the youngest cohort (13.3%) and became smaller in older cohorts (7.6% (table 3) showed that 43% (-4.07/-9.47) of the decrease in OFOVO was explained by changes in the distribution of sociodemographic characteristics and clinical oral health indicators. The decline in the prevalence of decay or unsound teeth (see online supplementary appendix table 2) and the increase in mean age each explained 16.2%, while the decrease in number of missing teeth accounted for 11.0% of the reduction in OFOVO (table 3) . In contrast, the increase in prevalence of pocketing ≥6 mm worked against the overall decrease in OFOVO (−2.7%). Other demographic and socioeconomic variables had no significant effect on the change in OFOVO over time ( Finally, time differences in OFOVO prevalence were decomposed for each quasi-cohort, assessing changes as generations aged (table 4). For the two younger quasi-cohorts, the decomposition model explained around 30% of the decrease in OFOVO prevalence but for the oldest quasi-cohort the model accounted for 85% of the decrease in OFOVO. In the youngest quasi-cohort, the reduction in decayed or unsound teeth accounted for 22%, while an improvement in social class accounted for 13% of the decline in OFOVO (table 4) . Increasing age and a reduction in decay and unsound teeth accounted for 50% and 12% respectively of the decrease in OFOVO in the middle quasi-cohort and for 92% and 11% respectively of the decrease in OFOVO in the oldest quasi-cohort. Increases in the number of missing teeth and the prevalence of periodontal pocketing ≥6 mm in these quasi-cohorts as they aged worked against the observed declines in OFOVO between 1998 and 2009 (table 4) .
dIscussIon
Clinical oral health has radically improved in the UK in the last 50 years, 31 but this does not inevitably mean there will be a change in OHRQoL. However, our analysis has shown an overall improvement in OHRQoL in England between 1998 and 2009, both among the dentate adult population overall, and also within quasi-cohorts (through comparing different age groups between surveys to capture certain cohort effects during this 11-year period).
An important challenge in evaluating changes relates to the different ways to score OHRQoL data, which may result in different interpretations. We initially used four different ways of scoring OHIP-14 data. For the sample overall, three of these showed statistically significant improvements in OHRQoL across the 11 years, and some of these differences were quite substantial; for example, there was an 11% reduction in OFOVO prevalence (table 1) . However, looking at the smaller group experiencing the more frequent problems (FOVO), there had been no reduction in prevalence at all, with the exception of the oldest group (aged 75+ years), probably related to their clear experience of retaining natural teeth unlike many of their predecessors. The issue, therefore, is that what we see as change over a period depends on where we 'draw the line'. The 
What this study adds
► This study assessed changes in oral health-related quality of life between 1998 and 2009 among adults in England and examined the contribution of demographic, socioeconomic and clinical oral health characteristics. ► In this 11-year period, there was an overall improvement in oral health-related quality of life, although this was confined to the section of the population that reported infrequent oral impacts, leaving a sizeable minority consistently reporting frequent oral impacts. ► The improvement in oral health-related quality of life was explained mainly by changes in clinical oral health and the effect of ageing itself, but the contribution of the analysed determinants varied substantially across the lifecourse and quasi-cohorts.
research report overall improvement in OHRQoL was predominantly among those that experienced oral impacts just occasionally, while the proportion of adults (around 15%) with frequent oral impacts showed no difference between 1998 and 2009. We are not aware of any published data on changes in OHRQoL in other general adult populations for direct comparisons. Focussing on three quasi-cohorts (capturing young, middleaged and older generations as they aged), we again showed non-significant changes in FOVOs, but significant improvements in the other three OHIP-14 outcomes in all three cohorts after 11 years (table 2) . This raises a question about whether resources should particularly concentrate on the group with frequent oral impacts, or whether focusing on those with less frequent impacts can yield further marginal improvements in OHRQoL. Previous studies investigating OHRQoL changes with age demonstrated either overall improvements or no change as cohorts aged but are limited to elderly cohorts. 10 11 Having established the pattern of overall change in OHRQoL between equivalent age groups and ageing quasi-cohorts, we further decomposed these changes to allow a deeper understanding as to which factors can explain these changes. Looking at OFOVO prevalence change in the overall sample (table 3) , changes in demographic, socioeconomic and clinical oral health determinants collectively accounted for 43% of the improvement in OHRQoL over this period. Most of this was down to changes in clinical oral health, specifically lower levels of decay/unsound teeth and fewer missing teeth, adding evidence that these clinical measures are a major determinant of OHRQoL. 32 33 Increased age of the sample also accounted for some of the OHRQoL improvement, but sex, marital status and socioeconomic position played no real role in this. When clinical variables were removed from the model, the change in OFOVO explained was greatly decreased (from 43% to 12%), further highlighting the role of improved clinical oral health for the improvement in OHRQoL of the dentate general population over this period.
Decomposition analyses within the quasi-cohort groups revealed that different generations respond differently as they go through the ageing process. For younger populations (aged 21-34 years in 1998 and 32-45 years in 2009), the age change itself over 11 years was not an important determinant of their considerable improvement in OHRQoL. This was in contrast to the older groups. For those aged 35-54 years in 1998 and 46-65 years in 2009, almost half of the explained improvement related to their increasing age, while in the oldest group (aged 55-74 years in 1998 and 66-85 years in 2009) this was >90%. The importance simply of age in explaining OHRQoL improvements in the older generations may be a reflection of lower expectations regarding oral health and also perhaps of the relatively lower priority of oral health compared with increasing general health issues. 34 This research supports the concept that quality of life is a dynamic construct and people's perceptions, experiences and the factors that determine their quality of life may change with age.
In addition to ageing, improvements in occupational social class explained a substantial proportion of the improvement in OHRQoL for the youngest quasi-cohort only (12.9%). The other significant contributors to OHRQoL changes within the quasi-cohorts were all measures of clinical oral health. However, effects varied between measure and quasi-cohort. Reductions in caries/unsound teeth contributed to the improvement in OHRQoL in all quasi-cohorts, but the contribution was considerably higher in the younger (21.6%) than the older quasi-cohorts (just over 10%). In contrast, due to their cumulative nature, the number of missing teeth and presence of advanced periodontitis worsened over the 11-year period and contributed to a decline in OHRQoL. The number of missing teeth contributed significantly across all three quasi-cohorts, but in a more substantive way among those in middle adulthood. Longitudinal studies of elderly cohorts also found that tooth loss contributed to declines in OHRQoL. 10 11 The respective role of advanced periodontitis was modest for the two younger quasi-cohorts and non-significant for the oldest. Clearly, the contribution of these clinical factors to OHRQoL varies across the life course. Furthermore, they may well be tapping into different domains of OHIP-14, as missing teeth may primarily impact on function while caries can potentially lead to pain.
Our decomposition models explained a considerable part of the improvement in OHRQoL over the 11-year period. However, there was still an overall 57% of the improvement among all adults, and higher proportions for the two younger quasi-cohorts, which could not be explained. This may be partly due to unmeasured variables or changes in the strengths of associations between the assessed determinants and the outcome, for example, growing social inequalities in oral health between the two surveys. 5 35 36 Such hypotheses were not addressed through our analyses. For the quasi-cohort analyses, the sample is not drawn from a true 'cohort', but reflects changes in populations as they age over time. Therefore, we must be mindful that associations are being drawn at the population level, rather than at the individual level.
In summary, there were considerable improvements in the OHRQoL of dentate adults in England between 1998 and 2009, both for the population overall and across ageing generations. These improvements were related to lower levels What is already known on this subject ► Oral diseases are highly prevalent with a considerable burden on people's quality of life. ► In high-income countries, most oral diseases have declined in prevalence in the last 20 years. ► To date, no study has analysed time changes in oral healthrelated quality of life and assessed to what extent these have been influenced by sociodemographic and clinical factors in the context of general improvement in clinical oral health.
of occasional oral impacts in the population, but not to the frequent oral impacts experienced by fewer people. In the population overall, improvements in clinical oral health accounted for most of the explained improvement in OHRQoL. In the quasi-cohorts, the effect of ageing itself and changes in clinical oral health accounted for most of the explained change, but the effect of these factors varied substantially across the lifecourse. These decomposition findings are relevant for health policy and public health action, as they can indicate which broader determinants could be primarily targeted to influence OHRQoL in different age groups or across different adult cohorts.
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